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Electrocardiographic voltage measurements were per-
formed in 24 men with an inferior myocardial infarction
before and after 14 ± 0.5 weeks of physical training.
Oxygen uptake at peak exercise increased 42% and heart
rate at rest was significantly decreased after training.
Increases were found in the magnitude of the R waves
in leads II, aVF and V4 to V6; of the S wave in leads Vt
and V3; of the T waves in V5 and V6; and of the Sokolow
index of QRS voltage. Also, the magnitude of the mean
electrical vector in the frontal plane was significantly
higher after training. These data were compared with
those derived from two electrocardiographic tracings,
separated by an average of 19 ± 1.5 weeks, of 20 other
patients with an inferior myocardial infarction who were
Endurance training may induce changes in cardiac structure,
as reported by a comparison of echocardiographic data of
athletes and nonathletes (1) and by longitudinal studies in
athletes (2,3) and normal subjects (4-6). Structural adap-
tations to training consisted of an increase in the left ven-
tricular internal diameter (1,2,4,6) or an increase in septal
or posterior wall thickness or both (1-4), although not all
studies found significant changes in left ventricular internal
diameter (3,5) or wall thickness (5,6) . Echocardiographic
changes of left ventricular structure were also associated
with differences in the electrocardiographic voltage mea-
surements (2-6). When echocardiographic structural mea-
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comparable in age, weight, risk factor and delay between
infarction and first examination, but whowere not trained.
When the electrocardiographic changes between the
two observations were compared for the two groups, the
trained patients show significant increases in the mag-
nitude of the R wave in the left precordial leads, and
leads II and aVF and the Sokolow voltage criterion; in
the magnitude of the T wave in leads Vs and V6; and in
the magnitude of the mean electrical vector in the frontal
plane. It is concluded that physical training in patients
with myocardial infarction can alter cardiac structure,
as evaluated by voltage measurements on the electro-
cardiogram.
surements were related to electrocardiographic voltage, sig-
nificant correlations were found between left ventricular
wall thickness or mass measurements and the Sokolow index
of QRS voltage (7-10). Therefore, electrocardiographic
voltage measurements are likely to be an acceptable and
simple method to evaluate possible structural adaptations of
the heart after training.
Electrocardiographic studies on the effects of training
patients with heart disease are scarce . In the present study,
electrocardiographic measurements made in 24 men with
transmural inferior infarction before and after training were
compared with electrocardiographic data from a group of
20 patients with transmural inferior infarction who were not
trained but who were also examined twice .
Methods
Patient group. The present study reports on 44 men
who had sustained a transmural inferior wall myocardial
infarction. Twenty-four patients were enrolled in a cardiac
rehabilitation program. 20 were not. The decision to refer
a patient to the cardiac rehabilitation unit was made by the
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responsiblecardiologist. Any patient who sustained a myo-
cardial infarction was a candidate for referral except for
those with unstable medical conditions that were considered
contraindications for intensive training. Unwillingness to
participate in the program or impossibility of reaching the
center because of transportationproblems was also a reason
for nonparticipation; 20 such patients constituted the control
group. Noneof these patientshad apparentcontraindications
for cardiac rehabilitation and their physical activity was
unrestricted. They were seen twice at the outpatient clinic,
the first visit occurring within half a year after the acute
event, and the second visit occurring approximately 4 months
later. The routine diagnostic studies at the first visit, in-
cluding an exercise test until exhaustion, showed that no
patient had claudication and that chest pain occurred only
in one patient at maximal exercise. Their medical treatment
was not changed during this period.
In the intervention group. the fo llowing criteria were
selected fo r the study: clinical and electrocardiographic di-
agnosis of transmural inferior infarction, no alteration of
medication during the training period or for at least 6 weeks
before the pretraining test and an exercise test to exhaustion
before and after the training period at approximately the
same time of day. The myocardial infarction in all patients
was a first myocardial inferior wall infarction, except for
one patient in the control group who had had two inferior
wall infarctions.
Electrocardiographic measurements. A physical ex-
amination and an electrocardiogram were obtained in the
trained and in the untrained groups of patients. In addition.
a graded. uninterrupted maximal exercise test was per-
formed before and after the training period in the trained
group. A standard 12 lead rest electrocardiogram was re-
corded on an Elema-Schonander Mingograph 34 three chan-
nel electrocardiograph at a paper speed of 25 mm/s. The
magnitude and direction of the mean electrical vector in the
frontal plane were determined from leads I and II ( I I) . In
addition. the following QRS voltages were measured in
millimeters: I ) the R waves in leads l . II, Ill, aVL. aVF,
V4 , V5 and V6; 2) the S waves in leads VI , V~ and V,: and
3) the maximal Q wave (Qrnax) in leads II. 1Il or aVF. The
magnitude of the T wave in leads V4. V5 and V6 was also
measured. The Sokolow index was calculated as the sum
of the S wave in lead VI and the R wave in lead V5. The
electrocardiograms of the two groups were coded and ana-
lyzed in a random order. Values are means of three con-
secutive cycles corrected for the calibration of I mV (=
10 mm).
Training protocol. Before and after the training period.
each subject of the training group underwent a graded un-
interrupted exercise test on a bicycle ergometer (Siemens-
Elema 380 B) until exhaustion. Complaints of chest pain
or a decrease in blood pressure at exercise did not occur.
The initial work load was 20 Wand was increased by 30
W every 4 minutes. Pulmonary ventilation was continuously
measured by a pneumotachograph, and oxygen uptake (V02)
was determined from the measurementof oxygen in ambient
and expired air (Siements FD 84). The patient's electro-
cardiogram at exercise was registeredcontinuouslyand heart
rate was calculated from the electrocardiogram.
The physical training program was designed so that the
patient would exercise indoors for 3 months, three times
weekly. for a total duration of 75 minutes for each exercise
session. Each session consisted of cycling, rowing, running
and mainly isotonic calisthenics. The training intensity was
adapted to approximately 80% of the measured maximal
capacity for each patient (12).
Statistical analysis. The characteristics of the two groups
were compared by unpaired Student's t test and by chi-
square analysis; intragroup comparisons were performed with
paired Student's t test. The effect of training in the trained
group versus the changes in the control group was evaluated
with simple classification analysis of covariance. The dis-
persion of the data is given by the standard error of the
mean.
Results
General characteristics of the patients (Table 1). The
patients in the trained group did not differ from the untrained
group in age, height and weight. The changes in weight
between the first and the second examination were not sig-
nificantly different between the two groups (F statistic =
0.021. In addition, the delay between the myocardial in-
Table 1. General Patient Characteristics and Risk Factors
Trained Untrained p
Group Group Value
Number 24 20
Age (yr) 51.0 :!: I 4 51.3 ::: 1.9 NS
Height (rn) 1 69 ::: 0.01 1.71 ::: 0.01 NS
Weight (kg)
Ftrst evaluation 7 1 5 :!: 1.8 74 9 ::: 1.8 NS
Second evaluation 708 ± I 8 742 ::: 2 1 NS
Blood pressure ( 01 01 Hg)
Systolic 133 ± 5 125 ± 4 NS
Diastohc 84 ± 3 83 ± 2 NS
Serum cholesterol (rng/dl) 243 ± 8 246 ± II NS
Smoker, (no. patients) 23 16 NS
Delay between infarction 16 4 ± 2.6 15.8 :!: 1.8 NS
and tirxt examination
(w k)
Time between 14 3 ± 0.5 19.2 ::: 1.5 < 0.01
cxammations (w k)
Frequency of trammg 2.44 ± 0.1
sessions per week
Data are mean values ± standard error of the mean. NS = no sig-
ruficant difference; p = probability.
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Table 2. Number of Patients Treated With Different Drugs
Several patients took a combination of drugs. The drug treatment was
unchanged during the observation period in both groups. There are no
Significant differences between the groups for any of the drugs.
farction and the first examination was not signifi cantly dif-
ferent. The time between the fi rst and the second obser-
vation, however, was significantly greater (probability [p]
< 0.01) in the control than in the training group. The latter
patients were trained for an average of 3 months at an
average frequency of 2.4 sessions/week; the time between
the two examinations was 19.2 weeks for the untrained
subjects.
The drug treatment regimen fo r the two groups is de-
scribed in Table 2. Various beta-receptor blocking agents
were used, such as atenolol (2), metoprolol (16 ), propran-
olol (7) and alprenolol (I ) . The dosages used were similar
for the two groups, an observation that is compatible with
the similar rest heart rate at the first observation, namely,
61.2 ± 2.4 beats/min for the 15 (of 24) patients in the
trained group taking beta-blocking agents and 62.1 ± 2.8
Antiarrhythmic agents
Anticoagulants
Antiplatelet aggregation agents
Beta-blocking agents
Digitalis
Diuretic drugs
Glyceryl trinitrate
Nifedipine
Sedatives
Sympathicomimetic agents
Trained Group
3
4
6
15
4
6
2
7
I
Untrained Group
2
1
7
11
3
I
9
1
6
beats/min in the 11 (of 20) patients in the control group
taking these agents.
General effects of training. Peak oxygen uptake before
training averaged 1.51 ± 0.07 liters/min and increased after
training by 42% to 2.15 ± 0.6 liters/min (p < 0.(01) . The
gain in exercise capacity, expressed in exercise time, was
also increased (p < 0.00l) by an average of 6.5 ± 0.6
minutes for an initial value of 16.1 ± 1.9 minutes. These
increases were associated witha higher peak heart rate: from
130 ± 6 beats/min before training to 144 ± 5 beats/min
after training (p < 0.01 ). The post-training increase in ox-
ygen uptake at the peak heart rate of the pretraining test
was 26 ± 3%.
Electrocardiographic data. Heart rate at rest decreased
from 65.5 ± 2.9 to 61.7 ± 2.1 beats/min in the trained
group but increased slightly from 66.7 ± 2.7 to 67.3 ±
2.6 beats/min in the untrained group. These changes were
significantly different (F = 5.9; P < 0.05).
The absolute values of the two observations on the mag-
nitude of the measured QRS complex and T wave voltages
fo r the two groups are presented in Table 3. The magnitude
of the maximal Q wave was unaltered in the two groups.
In the trained patients, significant increases were found in
the magnitude of the R wave in leads II, aVF and V4 to V6
(p ::s 0.05). The Sokolow index of QRS voltage in this
group increased by an average of 3.6 ± 0.9 mm and this
increase was significantly different (p < 0.00l) from the
change in the untrained subjects. The magnitude of the T
waves in leads V5 and V6 was significantly increased in the
trained compared with the untrained group (p < 0.05).
The magnitude of the mean electrical vector in the frontal
plane was significantly increased (p < 0.05) in the trained
compared with the untrainedgroup (Table 4). The direction
of the mean electrical vector was unaltered in both groups.
Table 3. Electrocardiographic Data (in mrn): Absolute Values (mean + standard error of the mean) at the First (I) and Second (2)
Observation for the Trained and the Untrained Group
Trained Group Untrained Group Effect of Training
2 2 F Value p Value
Q max 5.0 := 0.5 4.8 := 0 4 6. 1 := 0.7 6.0 := 0.6 0.8 NS
R. I 7.7:=0 7 8.1 := 0.7 79 ± 0.8 7.6 ± 0.7 1.2 NS
RII 6.0 := 0.6 7.3 := 0.7 5 1 := 0.7 5.0 := 0.7 14.0 < 0.00 1
R. III 2.7 := 0.6 2.8 := 0.6 3.1 := 0.7 3.2 := 0.8 3 x 10- 2 NS
R. aVL 5.8 ± 0.6 6.0 ± 0.6 6.6 := 0.8 6.4 ± 0.7 3 x 10-' NS
R. aVF 3.4 := 0 6 4.3 ± 07 3.4 := 0.7 3.5 ± 0.7 4.2 < 005
S'VI 8.5 :!: 0.9 9.7 ± 0.9 68 :!: 0.8 7.8 ± 0.8 0.2 NS
S. V2 10.3 ± 11 10.9 ± 1.0 10 7 ± l.l 11.3 := 1 2 x 10- 5 NS
S. V, 8.1 ± 0.9 9.7 ± 0.9 87 := 0.9 8.8 := 1.1 3.9 NS
R. V. 13 .3 :!: 1.0 15.4 :!: I.l 16.0 := 1.1 145 :!: 1.3 9.5 < 0.01
R. V5 12 6 := 1.0 15.5 :!: 1.1 14.9 := 1.1 14.3 :!: 1 1 6.5 < 0.05
R. v; 10.0 :!: 09 13.1 :!: 1.1 11 3 ± l.l 11.5 :!: 0.9 4. 1 < 0.05
(S. VI + R. V; ) 21.1 ± 1.5 24.8 ± 1.3 21.6 ± 1.5 22. 1 ± 1.3 11.4 < 0.00 1
T. V. 4.4 ± 0.5 5.0 ± 0.6 2 6 := 0.8 2.8 ± 0.6 2.1 NS
T. V, 3.1 ± 0.5 43 ± 0.6 1.0 ± 0.6 1.4 ± 05 6.4 < 0.05
T. VO 2.2 ± 0.4 3.2 ± 0.5 0.5 ± 0.4 0.8 ± 0.5 4.5 < 0.05
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Table 4. Magnitude and Direction of the Mean Electrical Vector in the Frontal Plane: Absolute Values (mean ± standard error) at
the First ( I) and Second (2) Observation for the Trained and the Untrained Group
Trained Group Untrained Group Effect of Training
Magnitude of mean
QRS vector (rnv)
Direction of mean
QRS vector (0)
NS = not sigmticant
87 ± 0 7
20 ± 4.4
97 ± 0.8
2~ ± ~ .3
92 ± 08
23 ± ~.4
8 7 ± 07
21 ± ~ 2
F Value
7.3 1
3.97
p Value
< 0.0 1
NS
Discussion
Electrocardiographic voltage measurements are usedwidely
in assessing left ventricular hypertrophy. Significant cor-
relations have been made between electrocardiographic volt-
age and left ventricular mass as determined by postmortem
examination (7, 13) or angiography (14,15). In addition.
echocardiographic measurements of the thickness of the left
ventricular septum and posterior wall and of the internal
diameter of the left ventricle have been related to electro-
cardiographic voltage measurements and signifi cant corre-
lations have been reported (7- 10.16 ).
These reports suggest that electrocardiographic voltage
measurements may be useful to detect structural cardiac
adaptations to training. Therefore, in the present study we
used electrocardiographic data to assess the effects of phys-
ical training on cardiac structure. Only patients with a trans-
mural inferior infarction were studied to allow the interpre-
tation of possible voltage changes in the precordial leads.
which cover the left ventricle.
Effect of physical training on electrocardiographic
voltages. The physical training program in our study proved
to be efficacious because it resulted in an average 429'c
increase in peak oxygen uptake. Also. heart rate at rest
decreased in the trained group. These effects are consistent
with reported data on the physical training of patients with
heart disease (12. 17.18). and were accompanied by definite
electrocardiographic changes. namely. significant increases
of the R voltage in leads II and aVF and the left precordial
leads; the T voltages in leads V5 and V.,: in the Sokolow
index of QRS voltage and in the magnitude of the mean
electrical vector. It is fair to assume that the observed changes
reflect an increased muscle mass (7-10). Adams et al. (6)
attributed their training-induced increases in QRS voltage
to a probable increase in left ventricular muscle mass. It
cannot be ascertained in their report if this was solely related
to greater internal diameter With unchanged wall thickness
or to thickened walls. or both. Bonoris et al. (19)speculated
that changes in QRS voltage reflect increased chamber size
rather than thickened walls. It is unlikely that the increases
in R waves in inferior leads II and aVF in our trained group
can be explained by a spontaneous evolution after myo-
cardial infarction (20), because in the control group no sig-
nificant changes occurred.
Comparison with control untrained group. Because
exercise data at the two observation periods were not avail-
able in the control group, it is not known if exercise capacity
was changed in this group. However, a marked decrease in
exercise capacity of these patients is unlikely because their
normal physical activity was not restricted. although it can-
not be completely excluded. Furthermore. the electrocar-
diograms of these subjects showed no changes while only
in the trained groups did significant changes occur.
Previously reported data. To the best of our knowledge
no reported data are available on voltage changes after phys-
ical training of patients with heart disease. but data are
reported for young (4.6) and middle-aged (5) normal sub-
jects. De Maria et al. (4) found a significant increase (p <
0.001) in the Sokolow voltage index and Adams et al. (6)
described significant increases (p < 0.00 I) in R wave volt-
ages in leads V5 and V(,. In 14 sedentary middle-aged men
(5) R wave voltages in leads V5 and V., and Sokolow index
were increased significantly after training. Also, longitudinal
data in athletes (2,3) and cross-sectional comparisons be-
tween athletes and matched control subjects (1.21) showed
increased left precordial voltages ( 1.3) and increases in the
Sokolow index (2.21) and in the magnitude of the mean
electrical vector (21) In the trained state.
In conclusion. it is suggested that adequate physical train-
ing of patients with heart disease, resulting in a significant
gain in maximal work capacity. can alter cardiac structure
as evaluated by voltage measurements on the electro-
cardiogram.
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